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of a polynucl eotide. 5 Background of the Invention The abi i ty to determ ne

t he sequence of a polynucleotide is of great scientifi pce. For
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t echni ques ase t hen abedpxipcipal method in general use for large-scale
DNA sequencing is the chain termination method. This
method was first developed by Sanger and Coulson (Sanger et
al. Proc. Natl. Acad. Sci. USA 1977; 74: 5463-5467), and
relies on the use of dideoxy derivatives of the four

20 nucleoside triphosphates which are incorporated into the
nascent polynucleotide chain in a polymerase reaction.
Upon incorporation, the dideoxy derivatives terminate the
polymerase reaction and the products are then separated by
gel electrophoresis and analysed to reveal the position at

.25 which the particular dideoxy derivative was incorporated
into the chain.

Although this method is widely used and produces
reliable results, it is recognised that it is slow, labour-
intensive and expensive.

30 An alternativée sequencing method is proposed in EP-A~-
0471732, which uses spectroscopic means to detect the
incorporation of a nucleotide into a nascent polynucleotide
strand complementary to a target. The method relies on an
immobilised complex of template and primer, which is

35 exposed to a flow containing only one of the different
nucleotides. Spectroscopic techniques are then used to
measure a time-dependent signal arising from the polymerase
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This severely restricts the use of the method for
sequencing large polynucleotides.

There is therefore a need for an improved method for
determining the sequence of polynucleotides which

20 significantly increases the rate at which a polynucleotide
is sequenced and which is preferably carried out by an
automated process, reducing the complexity and cost
associated with existing methods. :

Summary of the Invention :

25 The present invention is based on the realisation that
the measurement of electromagnetic or other radiation can
‘be used to detect a conformational and/or mass change in a
polymerase enzyme which occurs when a nucleoctide is
incorporated into a nascent polynucleotide strand.

30 According to the present invention, a method for
sequencing a polynucleotide comprises the steps of:

(1) reaéting a target polynucleotide with a
polymerase enzyme immobilised on a solid support, and the
different nucleotides, under conditions sufficient for the

35 polymerase reaction; and : -i:




(i) reactinig a target polynucleotide with a polynerase enzyme inmobilised
on a solid support, and the different nucleotides, under conditions
sufficient for the 35 polynerase reaction; and E4. WD 99/ OSMs PC
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may therefare pepestambsonpy, ingarticulatr $nrfiace nlosmenregenanchi (F¥R)r at e of
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15 jncorporation of the nuclectides into the polynucleotide

strand. However, the blocking groups may be selsctively
removed to allow incorporation to occur. By using the
blocked nucleotides, 1t is possible for the method to be
carried out using all the nucleotides present in the
20 reaction at any one time. The selective removal of the
blocking groups is carried out in a way that ensures the
detection of each incorporated nucleotide. The method may
therafore proceed on a "real-time® basis, to achieve a high
rate of sequence analysis.
25 Description of the Drawings
The invention will be described by way of example only
with reference to the following drawings, where:
Figure 1 is a schematic illustration of polynucleotide
sequence analysis using SPR spectroscopy; and
30 Figure 2 illustrates the different response signals
detected for the polymerisation of each of the different
nucleotides.
Figure 3 illustrates the synthesis procedure for the
double blocked nucleotides.
35 Description of the Xnvention
The present method for sequencing a polynucleotide
involves the analysis of the kinetic interaction between a
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reflection (STIR) or evanescent wave ellipsometry. : ]

. Techniques other than those requiring electromagnetic !

20 radiat:ion are also envisaged, in particular photochemical
techniques such as chemiluminescence, and gravimetric
techniques including resonant systems such as surface
acoustic wave (SAW) techniques and quartz crystal
microbalance (QCM) techniques.

25 surface plasmon resonance (SPR) spectroscopy is a
preferred method, and measures the properties of a solution
by detecting the differences in refractive index between
the bulk phase of the solution and the evanescent wave
region. Incident monochromatic light is reflected at a

30 specific angle off a solid optical (sensor chip) surface on
the opposite side to a sample under study. The light
extends into the sample for a very short distance and is
affected by an interaction at the surface.

Suitable sensor chips are known in the art.

35 Typically, they comprise an optically transparent material,
e.g. glass, and a thin reflective film, e.g. silver or
gold. For a review of SPR spectroscopy see European Patent
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the opposite side to a sanple under study. The light extends into the

sanple for a very short distance and is affected by an interaction at the
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met hod. Firsfol y, pidealet ot emtéfpazaldeln toxdheedixestbon alfeGhQ(ﬁmléﬁd measuri ng
ener gy absor pti og;dyasyQ! 4 Ucnal®iSrithesn iss resshsmed tonshdevedl yThé&econdly,
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onto a solid support. Immobilisation of the polymerase
offers several 1mportant advantages for the success of this
method. Firstly, the problem of random "noise" associated
20 with measuring energy absorption in soluble molecules is
reduced considerably. Secondly, the problem of noise from
the interaction of any substrate (e.g. nucleotides) not
directly involved with the polymerase is reduced, as the
polymerase can be maintained within a specifically defined
25 area relative to the field of measurement. This is
particularly relevant if the technique used to measure the
changes in radiation requires the measurement of
fluorescence, as in TIRF, where background fluorescence
increaseas as the nascent chain grows. Also, if SPR
30 spectroscopy is used, the polymerase reactions are
maintained within the evanescent wave field and so accurate
maasurements can be made irrespective of the size of te
polynucleotide.  Finally, as neither the target
polynucleotide nor the oligonucleotide primer is
35 jrreversibly attached to the solid surface, it 1is
relatively simple to regenerate the surface, to allow
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DNA polymerase, l.e. reverse transcriptase, or a RNA-

20 dependent RNA polymerase, i.e. RNA replicase. In a
preferred embodiment of the invention, the polymerase is

Tag polymerase. In a further preferred embodiment of the

invention, the polymerase is either E. coli polymerase III

holoenzyme (McHenry, Ann. Rev. Biochem. 1988; 57:519), T7

25 polynierase (schwager et al., Methods in Molecular and

Cellular Biology (21989/90) ; Vol.1l(4) :155-159, or

Bacteriophage T7 gene 5§ polymerase complexed with E. coli

Thioredoxin (Tabor et al., J. Biol. Chem. (1987); 262:1612~

1623). Each of these polymerase enzymes allows a binding

30 with the target polynucleotide to occur with high fidelity

and therefore maintains a polymerase-polynucleotide

complex, even when polymerisation is not actively taking

Place.
The polymerase III holoenzyme is composed of three
35 subassemblies that function to create the processive
enzyme: (I) the polymerase core, including the polymerase
subunit o; (IX) P-dimer subunit which acts as a bracelet-
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to be carried OUpycleotides are added sequentially to the polymerase/target
complex. For example, AGTP may be added and allowed to

flow over the polymerase/polynucleotide complex; any

: incorporation is then detected. Unbound AGTP flows out of

20 the reaction site and a further nucleotide is introduced.
In this manner, the detection of a kinetic interaction can
be correlated to the particular nucleotide present at that
time and the polynucleotide sequence can therefore be
determined.

25 The method may also be carried out with all the
different nucleotides present. For this to be carried out
successfully, it is necessary for the nucleotides to
incorporate a blocking group at least at the 3' position,
but preferably at the 3' and 5' positions. The blocking

30 groups may be light-sensitive and can be removed by
. applying light of a defined wave length, to release the
active molecule. If the nucleotides incorporate blocking
groups at both the 3' and 5' positions, the blocking groups
should be capable of being distinguished on the basis of

35 their spectral absorbancy, i.e. it should be possible to
remove selectively one of the blocking groups by applying
a specific wavelength of light which does not remove the
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posi ti on. ThIS l omgagﬁ gégﬁfoékqié ro ?ﬁtOLb gls i n U|§hggpby bot h

spectral &nd bleskididagrREes Lo &snd ?‘339'“ hrd |Byg ﬁ%‘?‘%lﬁ!ﬂ Ycki ng

groups under gbemphmtlomgans. at wavel engths in the range from 200nmto 450nm |
The bl ocki ng gr OURSentichi1y Y Bhe Al fpt-endetiwes dadngarbips amaergel of t he '

formula R - ﬁ;&w&:{.@wvﬁaﬂg& 1,,099.; Q'Iaﬂ a'ﬁogrmamae& a¥ohs. a | eaving

group. For ex

ni t n erred bl ocki ng
gr oups |nclud$h?h§h8°ﬁ 19 oBENRF aé?ﬁ ﬁ% é% %
WO A- 92/ 10092 campebun® AcD7/the] Sformyhas R’ 'gEQJ'GSsJ?ES wgﬁwe R is a
. Ni troveratryppsy¢RKiaayyrddV/end, X I8 br bpiviagogydupcy c Bob oneamplaPOC) |
a- et hyl - ni GOV eLaly Wioxyishany| FMUMEIr1 Bédbiires plocking
ni tropi perony ox‘¥carb néﬁl I\/e OC)oghrl(q,_Igge,g)g ry#rgggggil@(y(‘gqxogggyl (PYMOCO) .

20 A suitable? grou
mtrobenzyl)oyayeelriéeﬂﬁlyfmS'f%ﬁrp9 02h2 @2d ‘Eehra?h%‘%y TeseF*SHPDf t he
nucl eot i des Wi tim el wdepound idfr dvemaltr ¥} pxyc2renyil 1 N§NVOC),

nitropiperonyloxycarbonyl (NPOC), a-methyl-
nitroveratryloxycarbonyl (MeNvVOC) , a-methyl-
nitropiperonyloxycarbonyl (MeNPOC) and - 1-
pyrenylmethyloxycarbonyl (PYMOC).

20 A suitable 3' blocking group is a (4,5-dimethoxy-2-~

nitrobenzyl)oxycarbonyl group which can be  formed by -
reaction of the nucleotide with a compound of formula (I):

25

—

NOy

30 Mo
' s (I)

wherein R is any suitable esterifying group, e.g. methyl.
35 This blocking group can be selectively removed by a pulse -
of light with a wavelength of 360 nm.




30 Chao ocN, (I) wherein Ris any suitable esterifying group, e.g. nethyl.
35 Thi s bl ocking group can be, sel ectively renoved by a pulse of light with
a wavel ength of 360 nm WD 99105315 PCT/ GB98102214 9 A suitable bl ocking
group at the 5 position is . 1+(2- nitrophenyl) ethyl gr ldata O R 1
CL1CN3 10 (Ncﬁvo& S(11) 15 wherein Ris any suitabl e%’r?c Ehal gr oup,
e.g. halogen. This blocking group may be sel ectively renoved at a

wavel ength of 260 nm By way of exanple, gloubl e-bl ocked nucl eoti des are

i njected over the prinmed target polynucleotide (held in B 20 ,association
with a high fidelity Jpomikables bleiipg SXPUP A the e BPEHEYIC 1B i e =i s

f ocussed upst r eamiafophenyppéthydr gsmap drIp: wavel ength sufficient to rel ease
the bl ocking group fromthe term nal phosphate of each nucl eotide. The
nucl eoti des are then able to flow over the bound 25 pol ynerase, and

I ncorporation into the nascent polynucl eotide strand can occur. However,
as the blockilhhg group at the 3' position remains bound, only one

nucl eotide 1is incorporated. A neasurenent of the kinetic interaction wll
therefore provide information as to the particular 30 nucl eotide

I ncorporated into the nascent chain. e polynmerase used may be a high
fidelity pol ynmerase which does not di ciate readily fromthe target when
the reaction stops. Alternatively, a gonpetitive inhibitor may be used to
prevent the pml ynerase di ssociating le: 35 target. After measuring

t he i ncorporated nucleotide, a puls
(II)

15 wherein R is any suitable functional group, e@.g. halogen.
This blocking group may be selectively removed at a
wavelength of 260 mnm.

By way of exampls, double-blocked nucleotides ars
injected over the primed target polynucleotide (held in

20 association with a high fidelity polymerase complex), and
monochromatic light is focussed upstream of the polymerase
at a wavelength sufficient to release the blocking group
from the terminal phosphate of each nucleotide. The
nucleotides are then able to flow over the bound

25 polymerase, and incorporation into the nascent
polynucleotide strand can occur. However, as the blocking
group at the 3' position remains bound, only one nucleotide
is incorporated. A measurement of the kinetic interaction
will therefore provide information as to the particular

30 nucleotide incorporated into the nascent chain. The
polymerase used may be a high fidelity polymerase which
does not dissociate readily from the target when the
reaction stops. Alternatively, a competitive inhibitor may
be used to prevent the polymerase dissociating from the

35  target.

After measuring the incorporated nucleotide, a pulse
of monochromatic light is focused on the blocking group



“of 'nonochromatic light is focused on the bl ocking group wo 99/ 05315

PGT/ (B98102214 10 within the polynerase catalytic site, to renove the

bl ocki ng group at the 3' position. The nonochromatic |ight may be pul sed
for a longer duration than that required for renoval %@ é’g& g‘ posi ti on,
and so onl Y@¥®&f ocking group 5 associated with the Rotf e inthe .
pol ynerase conplex wll undergo renoval. This reduces the |ikelihood of
the addition of nucleotides not assoaoated with the polymerase conplex.
Once the 3 blocking group is released, the polynmerase 10 reaction is

al lowed to coWitHge BBef BOLWRSTasec| GAFALYELC QPF‘Pveté’t TERPVS0l PRfer ase
reaction sit eblddkimgt gxxhipeat thel 3hepstticnen The' porocbrpmatis/ lighter nati ng t he
pul ses of |ighy HeCquisad fBQ 4 QBRyéer daeabldic khag tgfaQU:Béqui%hl gort is

preferred to ug oJa ag 26%88n, ;%dnwloggpgpesh ek S gkblied above,
t he procedure may c i e ti &2 nuc Otld h V|{|?c;ba bl ock| ng
group at 5thea?°‘ﬁt9§lef1| Bﬁﬂb °ﬁ%1 ge gmﬁ’é%ﬁer SR use

conpetitive iwhlibhiungexrgéd ztelmevw yﬁéﬁas@d%Pcﬁwnikel#MﬂCeftﬁ@ pr obabl lity}

of a nucl eoti Q@diﬁ@ﬁl B8 rucik6tideadnd® agiociatatl vith Thepsslymiepasdei ng
i ncorporated [ Jﬁb nascent chain. A suitable conpetitive inhibitor of
on

polymerise is C | di phospho (I)\/EP) The ow a

illustrates the i "tfﬁ tﬁ'ﬁ Q? @%8 3 ReleREe Yy t\!ﬂ r@@g’“ﬁg‘gaml e The

f ol | owi n@oanakgattiomasisc Alliwed ote eentingsdies éﬂr%cm%l%%‘%yst em

(Bl Acore AB, hRPSAl Aat Steelepglymeriase reectimn céite.C\VbUidedealted gr ade,

Bl Acore AB) agei qutaitgg,l, iss QbniSdd fbgcgltgihﬁtli t ERETESY s¥@SoPr ovi ded

with an 30 i nEg&gat ed Xm({l Ui dic cattL g%k%g% gch allows analysis in
I'nj ectron.

four cells by % n"of olymarase E. Co.i
pol ynerise |11 hol‘@gﬂfyﬁé‘ wis Prefsired Soccrdi ﬁﬁ“t&mt‘m iegked ail.

Met hods HEszymehcldatdaes; as?82s@Apedsaknyehythe propedure)may Rlisoobe

chromat ogr aphga@fied out using nucleotides having a blocking group at

the 3' position only. 1In this case, it is desirable to use
a competitive inhibitor of the polymerase, which will
reduce the probability of a nucleotide lacking a blocking
20 group at the 3' position being incorporated into the
nascent chain. A . suitable competitive inhibitor of
polymerase is carbonyldiphosphonate (COMDP).
The following Example illustrates the invention with
reference to the drawings. :
25  Example
The following analysis was carried out on a modified
BIAcore 2000 system (BIAcore AB, UPPSALA, Sweden) with a
sensor chip CM5 (Research grade, BIAcore AB) as the optical
sensor surface. The instrument was provided with an
30 integrated pm-fluidic cartridge (IFC) which allows analysis
in four cells by a single sample injection.
Preparation of polymerase
E. Coli polymerase III holoenzyme Wwas prepared
according to (Millaxd et al., Methods Enzymol. (1995);
35 262:22) using hydrophobic interaction chromatography on
valyl-Sepharose, to purify the holoenzyme at high salt
concentrations. After purification, the hollow enzyme was




val yl - Sepharose, to purify the hol oenzyme at high salt concentrations.
After purification, the hollow enzyme was PCT/ G898102214 WO "/05315 11
concentrated using the ion-filtration techni que described by Kirkegaard at
al, Anal. Biochem (1972); 50:122. |nmobilisation of tp@l_@ﬁmr ase

Immbl | i sati owo@¥sstse pol ynerase to the sensor chip 5 surface was carried
out according to (Jtlnsson at al. Bi ot echni ques (1991); , ,:620-627).
Briefly, the sensor chip envi r onment wagiequilibrated w t h Hopes buf f er

(10 MM Hopes, 150 AM Nadl , 0. 05% surfact ant I sal a,
Sweden), pH 7. 4) corepptirafaf LHF&?%‘F“I\I*?B’?@&FB%%%E?%’?{ 60:?5%? in water)
and N-ethyl-n'- bylmmmmwpwh)llea$MP¥mﬁé7fED®°’% 24 Min water)
were m xed toget Rehod caBi S lo@ 0t e Fo3gméreechi p ( CVB) surface to
activate the car oxyrg;&‘t&\él“_ik{aea ig X‘T’faﬂ‘ ég &glggngga@ﬁ Isghsglubﬂgﬁenbl y

SO

core (160 A, 500 et at e , PH 5
and i ﬁu ected 5 acﬁb}é%a‘i%e"‘oﬁ:t‘f‘\ﬁ &3 g‘b‘?f%‘&? I’—'T'?la (91?%5'% 61("'1l\ai-q PH 5)

hydr oxysucci ni ni #éotetloriguen (mltenufﬁmsa"lsurf%'é’é%re ‘i‘e%ﬁ,'F@H with
et hanol am he (35@& envirbindit! ©ds ol fidrhted arith Mepesouifegol}mMase was

washed.fromthe ;ll.lmﬁe?cl_bsghggzs,fag é? h%zaghm&ggge@b@mﬁerﬁmrned W th
g

a continuous floO S m n) 25C

ol i aonual eot i des UPRBAHR 4 g@Hﬁﬁ?'@otl ds syn?ﬁ‘ém sed_us| n dard
phosphor ani dit e dlyénpxysuscinimidgl i (®riucMeotn d¥abeK)i ndfdad “ID No. 1
was used as the t(aagethypahymtﬁloppn cdaxrbedatinide (Enqjorf0ct dbtndeathri ned as
?:EEGL;BGR%GAEZ&? fﬁ?eé h@o etherTana Cgecﬂ:ec‘l aCross 1:!::g ch;gé f%:ﬁo L
CTCTCCCTTCTCTCGTERS 'Dtﬁo“ FRR atde

onucl éat 1 re.r ted under
35 hybridi si ng camedimexase THT fsb‘Pﬂ??ﬁ"é’lﬂaF%‘gﬁ (3PP ggﬁp&fa 1ﬁ}gﬂprl med
DNA was thenisuspdrtdedoi mMbsbdbm (a@take (100 u1: pH 5) and injecte

across the activated surface. Finally, residual N-
hydroxysuccinimide esters on the sensor chip surface were
reacted with ethanolamine (35 pl, 1 M in water, pH 8.5),
and non-bound polymerase was washed from the surface. The
20 immobilisation procedure was performed with a continuous
flow of Hepes buffer (5 pl/min) at a temperature ot 25°C.
Oligonucleotides
Two oligonucleotides were synthesised using standard
phosphoramidite chemistry. The oligonucleotide defined as
25 SEQ ID No. 1 was used as the target polynucleotide, and the
oligonucleotide defined as SEQ ID No. 2 was used as the
primer. )

CAAGGAGAGGACGCTGTCTGTCGRAAGGTAAGGAACGGACGAGAGARGGGAGAG
30 SEQ ID No. 1

CTCTCCCTTCTCTCGTC SEQ ID No. 2

The two oligonucleotides were reacted under

35 hybridising conditions to form the target-primer complex.
The primed DNA was then suspended in buffer (20 mM

Tris-HCl, pH 7.5, 8 mM MgCl;, 4% (V/V) glycerocl, 5 mM



Tri-o-HCl; ‘pH 7.5, 8 MM MyCL2,” 4% (v/v) glycerol, 5 mM WD 99/ 05315
PCT/ GB90/ 02214 12 dithiothreitol (DDT), .40 pg. bovi ne serum al bum n)
containing 21 pg ssDNA bi ndi ng-protein and the DNA pol 11l sub-assenbly,

required to formthe bracelet-like structure (1.6 p LeLer and 195 '
frol y subweie¥e}s 0.5 nM ATP was 5 present together v%ﬁgggﬁgkﬂ ' : i
|

car bonyl di phosphonate (COVMDP). In this reaction, the y subunit acts as a
nol ecul ar mat chmaker, hydrol ysing ATR2t o pl ace the p-dieter subunits onto

the DNA to formthe polynerase sub-assenbl t udwel | at__al A Synp. |
biol. Cell. BRbPhigihrestel 1@96,?' 12‘?‘? e %3&??’°Th%e’6ﬂ w&&%ﬁﬁvﬁb- assenbl yl‘
conpl ex was t hentainingtdidug. saRYA bindingrpratedscand thenD¥h@odeEEbr chip
surface at a shbisdgerbiypfrefuited fo furth tld bradelat-Nike stautkere pol ynerase
via the dagt } Or(‘l.% ﬁh@& ?(-%Py{m&:;;ssé%bﬂt\; BuSurfPtR§! | "6t M RGNS UM and ATP
are needed for Po | Q L magnesi um
al so prontt esp’f"%‘?ﬁf%i%?ﬂ}eﬁe"%ﬁ ﬁgr”%f/: “f'E‘%’Y%F 3@?%”% Pﬁgbégﬁﬁ{” 5'

exonucl ease a&pi thig. reacsion.obFesn ¥s subReifm/aftRdaBy 2 BRYCGHIMY t he

car bonyl di phoagtclimaiker , Wiydrolysing ATRpEe iflace B9 ifrdibex ;ubuhit®m| yner ass
act | \éi :K (a pg},![._g_, '1Jh|e| gﬂ(it@gf&ﬁ@thi' pﬁwmghg%@gyvig?ﬂdgan be used to
avoi is particu r e i S

car bonyl di phogﬁhﬁ’ﬁat g%s% ﬂll &i n(g%ﬁdve%gggheﬁ%‘m\%&gurqgggé, 12 prevent the!

25 exonucl®asd53ktivity fromrenoving the priner fromthe target DNA
Nucl eot i des | ncor pmreapr inpdl ONA Biukek&srphGyocerp lExcvre ¥ben otnijeosted CTP, dTTP,
dGTP and dATPhLye@ntrd stlymardsd ZIli bhOophe nsdnsoet Brip dwrdscagagraup at the

5 position 40.andd (deSedi Eiiaxy-id LIAGRAZYES UK DONKhe bl OcKing |1
group at the position, as_sho in Eirgure 3.. The synthesis of the double |
bl ocked nucl eBPLERATARSES VIR h) F%@l&n °§t§b‘evl?'-’b El‘:rsr‘\esi s of (4, 5-dinethoxy-
ni t r obensid ) oxycarkobpisneppexdspne magpesiphand ATH argeneaded §9€ral | net hod
was applied t ehd@Fdl, rdCHs alifd to the primed DNA. However, magnesium
also promotes removal of the primer by the proof-reading 3°
- 5' exonuclease activity. This problem is circumvented by
. including the carbonyldiphosphonate; which is a competitive
20 inhibitor of polymerase activity (a pol III lacking the
31'-5! | exonuclease activity may be used to avoid this
particular problem).
A continuous flow of 60 uM carbonyldiphosphonate was
maintained over the chip surface, to prevent the
25 exonuclease activity from removing the primer from the
target DNA. )
ucle i G s
Each nucleotide (ACTP, dTTP, dGTP and AATP) contained
a 1-(2-nitrophenyl)ethyl blocking group at the 5' position,
30 and a (4,5-dimethoxy-2-nitrobenzyl) oxycarbonyl blocking
group at the 3' position as shown in Figure 3. The
synthesis of the double blocked nucleotides was as follows:
Btage 1:~ s8ynthesis of (4,5-dimethoxy-
nitrobenzyl)oxycarbonyl-nucleoside triphosphate.
35 The same overall method was applied to dGTP, 4CTP and
aQTTP. A mixture of AATP dihydrate (0.4mmol) and
approximately 3mnol of 4,5-dimethoxy-2-




dTTP. A m xture of dATP di hydrate (0.4mol) and approxi mately 3muol of
4,5-di met hoxy-2- f !:1 '.i W 99/03315 PGI/ GB98/ 02214 13

ni t rophenyl di azonet hane, freshly prepared from900nmg (4 mmol) of
4, 5-di net hoxy- 2- ni trophenyl hydrazone (synthesized by te ’F;@l pf
6-ni troveral dMWHEW t h hydrazine nonohydrate i,n chloroformby the -
procedure of Wotton and 5 Tréntham Photocheni cali Probes in Biocheni stry
(Nielsen, P.E., Ed,) NATO ASI Ser. C, Vab. 272, p277-296 (1989), vvas
stirred in 15 rri of DNSO at roomtenperature in the dark for 40

Moni toring of th@itveRhenyAdiazopethane, , frefhby BRFRAFAGt AETRI 949891 ‘\’/ V)
sol vent system r emednj et 4 [fe-difetippya-ariczopienylbpdrazgneh(syhthesized

correspondi ng togyhe trgagﬁéi,tnu@feow.dgtrmgdémactﬁdhdl ayarazdmpeound, and ;

reaction products w r ; Liye st ract i on
with 60 m of et RSP )?Chtle re oi‘é’fo% E aﬁpwﬁgu&mre P Sdo

ubst ances,
cont ai ned 15 %nré’%‘&?&?’fvu@?‘@ﬁmiﬁﬁj Btrr?é’eﬁejs’f r%it? F'Bg%b‘g' %e{ ¢sol ved
in a mniml anp@E. ofEdGh| WHISf d3Insend Gefat atddd. ti?ﬂ"ﬂl‘agﬁ U(?ﬁ?bnﬂ‘la&graphy on -
a silica colum (stirad fimhs & um RSO Lifti R0 OBpalhbmaf dnnthe darkt hanol /

chloroform (95:5 reph écrgaggogr c@& ofm a
4, 5-di met hoxy- 2 fy‘nl tro ben% z %dh romthe ractions
N %’fg'é &5?’8? ?fz be#Hgn%;fggﬁ pro V\t/g's t hen

were dried on a
| yophi | i sed. 1@he memncwﬁ’él é metmh Rfh&.5¢ BP¥RaspPgnding o ‘the
4, 5- di met hyl oxy- Zagedr abeTettiaexy consmninredééd \whisazios clompeehd)i ramgt |y Wit h
hy dher pur Lty DY e2d Ogmggamaae% S L A
4, 5gd| met hoxy- 2- fi*FF %:hvgypxs&af ?Bon tfqp%;aoéé& GtI %kﬁ'g A%rﬁ %’[Q'ﬁ%c;e]ﬁ&f
4. 5- di met hoxy- 2- matepkthsy Whdscaraiongl otk SERFRAReRS;FPRtained
appr oxi mat el ys 3munireaételd fdeleotid®phd thle) disdredriraduct f was idigsplvadared from
716.7 my (4nmmol );,0h AYSHRRA0BEdt drnNbhisatetanial lsepardteanbiesiashd by
chromatography on a silica column (3 x 30 om). Elution
using 100% chloroform and methanol/chloroform (95:5 Vv/V)
removed the hydrophobic side products of 4,5-dimethoxy-2-
20 nitrophenyldiazomethane from the column. The fractions
were dried on a rotary evaporator. 78 mg of the caged
product was then lyophilised. The overall yield was 45%.
The 3' blocked 4,$-dinethyloxy—2-nitrobenzy1 oxycarbonyl
AATP was isolated directly with higher purity by
25 preparative reverse-phased HPLC from the crude product.
Btage 2:- Addition of the 5' 1-(2-nitrophenyl)ethyl group
to the 3' 4¢,5-dimethoxy-2-nitrobenzyl oxycarbonyl blocked
daATP.
A mixture of 4,5-dimethoxy-2-nitrobenzyl oxycarbonyl
30 5! AATP (0.4xmol) and approximately 3mmol of 1-(2-
nitrophenyl)diazoethane, freshly prepared from 716.7 mg
(4mmol) of hydrazone of 2-nitroacetophenone (synthesizead by
treatment of 2-nitroacetophenone with hydrazine monohydrate
in ethanol) and 2.9g (30mmol) of MnO; (90%) in 20 ml of
35 chloroform by the procedure of walker et al (walker et al,
Methods Enzymol. 1989; 172:288-301), was stirred in 15 ml
of DMSO at room temperature in the dark for 40 h.




treatment” of 2-nitrodcet ophenone with hydrazi ne nonohydrate in ethanol)

and 2.9g (30mmol) of M02 (90% in 20 mM of 35 .chloroformby the procedure

of wal ker at al (wal ker at al, Methods Enzynol. 1989; 172:288-301), was
stirred in 15 M of DMSO at roomterrperaturelnthe E"ﬁlgum 40 h. WO
99! 05315 PO ¥B%F 02214 14 Monitoring the reaction by :

chl orof orm net hanol (5:1 v/v) solvent systemreveal ed the appearance of a |

pair of spots with Rf 0.68 and Rf 0.58 corresponding to the two
di asterioi soners of the axial and the two di asteroisonmers 5 of the
equatorial foMendtoning the. gpastise By FEFhin asehlorqfornm/methanol

4, 5- di met hoxy-(8: pivvgbesiyentoxysienbpaydalad thel lAppearmpec bf vielpair DVSO,

unreact ed di azg Wich r2N6. Jaeﬁﬁ& '1&“0 ﬁOQHHe% pinhlindg QY B Wbt Y were
renoved by rep t | ve ., extract Q_ﬁ v i 129 et Qer dilqatThoei residual :
mat eri al , TR S T8 HE su%st Sc 520 (PSS otP

4, 5- di met hi)xy-°£- Fﬂ"e repakeyial Foye hahe 1 2-niaTerhsnyl) 8EhYL SSY8Y doubl e
bl ocked dATP, ofwas,di-dtmdthecy+2rrd trphemaydl arycarbdénydh| d'of ciAFPand

separ at1 gg(ybyh}‘ﬂeaﬁbcmgw @ﬁﬁ@ﬁ%@&b&gsaidzﬁac&ﬁﬂdmg ?ﬁaa Béackioam Bl uti on.
usi ng o chl or v i i

1-(2- mtrophelﬁ’/' Hﬂgégoé?ﬁgn g‘f éﬁ%&?ca%aﬁnqgmﬁ_ﬂéé’ B%d%%?‘;%%é"&n ed on a
rotary ' evapdirsstion ydthigq ?&t?ﬂ?’gave 74 my of the caged conpound. The
overal | yield was B¥éoréidgal wmrexiadacibhink|etadnedaanpnetierin t he

pol yrmeri sat i onsubsthficesl MinbeagtB@l pH ,&-8inbtAblkCd Rl thioberlydyCl2r 0. 01
% (W v) gel at ' ?%ﬁe%ueaﬁ.pam@ %%Jsﬁ'&ﬁ‘"ﬁo&bﬁaaﬁﬁﬁéd Ngarpy St em and

fluidic cell havi n

t di at
(1) to a sensdfsci} B(°é)’ %"gdg"% ne I?B; aalt at Ihgn

sensor surfaceeparated by (I@th'érrmﬁml R 2 A %ﬁaf Pe%'m 3n’E|é’I°eot i des
into the gel | and BElutioh aEisg Podsaairofese ¢ehovwert] hirdyophwbip disieng

monochromat i ¢ o 3Qubtdde 10(O-Aite opRbhy1) B8z s thlaneePlon thlecobiwms are
i ntroduced | nt'I% the product was dried on a rotary ' evaporator.
Lyophilization gave 74 mg of the caged compound. The
overall yleld was 57%.
20 0.2 mM of each nucleotide was present in the
polymerisation buffer (1 mM Tris-HCl pH 8.8, 5 mM KCl, 0.15
mM MgCl,, 0.01 % (w/v) gelatin).
DNA_Sequencing
Figure 1 shows a SPR sensing system and fluidic cell
25 (7), having a means for applying electromagnetic radiation
(1) to a sensor chip (2) with an immobilimed polymerase
enzyme (3) at the sensor surface, an inlet (4) for
introducing the different nucleotides into the cell and two
focusing assemblies (5) and (6) for pulsing monochromatic
30 l1ight into the cell.
The different nucleotides are introduced into the
fluidic cell (7) at a flow rate of 30 pl/min., at a
temperature of 25°C and a data collection rate of 10 Hz.
As the nucleotides pass the focusing assembly (5),
35 monochromatic light at a wavelength of 260 nm is pulsed to
remove the blocking group at the 5' positien. The
nucleotides then flow over the sensor chiia (2) and contact

[
[




fluidic celi (7) at a flowrate of 30 1/mn., at a tenperature of 25C and a
data collection rate of 10 Hz., 1 As the nucl eotides pass the focusing
assenbly (5), 35 nonochronmatic light at a wavel ength of 260 nmis pulsed to

remove the blocking group at the 5 position. The nuclegtl en flow
over the sensoVo (2) and contact k.~ WD 99/05315 PCI%%‘%%E‘QM ~15 the

target pol ynucl eotide/ polynerise conplex (3) which is held in place by
the P-di mer sub-assenbly. Sipce the 3' pssition on the prinmer sequence is

free to react, polynerisatidn may take place as“a nucleotjide,is 5

i ncor por at ed ont &gt %Pml%ﬁjtdﬁé g%?r@é‘f‘“p&f’?ﬁtfe‘l Z%)c i"géf’h'ljtﬁ s

i ncorporation is heddnivlepleceelly het Redimmmeohrasrembdy p- foinge| thel 3% ght  of

thel SPR gevihce. Mgsﬂ:wﬂ heh peley NBFinedt i?)esqmeursxs siepee tHee i:amr,poriat eﬁ
nucl eoti de has a Dbl ocki u ' itpgn. 1 jc |ight
of wavel ength 36€°%H£f&s%g%9p¥§édkg% t%%%%ochgi naé ggds%%%%ué)geitdat t he

site of pol yneri dRepeperatefle |NgR 1 I45R r AoBPLEPete (i gFRe cef ur es
that nucl eot i depodphudiretddeo Thie petonporatioraie thenpefgctedbpy e cel |
bef ore suffici entmopBehEdnatas bepslaiised befhHtO ofl TheelsPRSedivai.r Mo bl ocki ng

groups. Once the f%'xtﬁégc ol Pndl i3RI RS DGR, " & GREC G OfddiBorQay TET i Sed

nucl eoti de, further_po risatio occur. Figure 2_shows e results
fromthe sequenciM§ 8% At i ?’P{% n‘[ﬁﬂué’ot?tgeﬁ?lca?p@l”gf‘égm"nt o the
20 nascent ch@i n Monpepraratdet kight Ofe vavelangth idwma ifcghemanlsed By enent ary
to that of SEQ | Rh¥ofodusihg 2864l (PCHLCRAL/ HXE bf HOLynerAedBidn. A net hod
target ol ynucl oot og it PokFate R Sl L e e ol
supgortl,O a%d t he F%'\F/\ge‘{ﬁaf ﬁﬁ%ﬁ’edg"f'f’égg,&tfna’é’?ﬂ““engpg ddnbiba Ok dh
the cell before sufficient energy has been absorbed to
15 release their 3' blocking groups.
Once the 3' blocking group has bean released from the
polymarised nucleotide, further polymerisation may occur.
Figure 2 showes the results from the sequencing
experiment with each nucleotide incorporated into the
20 nascent chain being detected. The results show a sequence

complementary to that of SEQ ID No. 1.



condi tions sufficient for the polynerase reaction; and (ii) detecting an

ef fect consequent on the 10 incorporation of a specific nucleotide " I
conpl ementary to the target pol ynucleotide. 2. A nethod according to claim|
1, wherein the effect in step (ii) is detected by maaSL;ri ;adi ation. 3. )
A met hod ad¥QP®MY to claim1 or claim2, wherein 15ng8??§'97(1|4) and (ii)
are conducted with each of the differgnt nucleotides in turn, until |
i ncorporation is detected, and then repeated. 4. A method according to :
claiml or claim?2, wherein step (i) is conducted with all the nucleoti des:
present. 20 Scrammeet hod according to any preceding claim wherein the '

nucl eoti des conprias 1 £k OSddudRcBhe WP Wﬁ!%-m‘b ledti 88D \pprod iy the
pol ymer ase reglgti Ansegt}f?Af%tﬁod acgo‘?di rrl’g o claimb5, vvh&ei rﬁ he bl ocki ng‘
group can be 58 &tPTePY renoved by pul sed monochromptic 25 light. 7. A
met hod accordi ng t@)cl E§artdngr @ aitdrget whBPRMCRARE IR, |3 d&s conprise a-
further blsocki ng grouppeltyrehase t cenviymal phooplidsedgronp af sékdd ri phosphate:
chain, and the furtheguddoeeki BfagtRsPaisedrontYadcsotiaesp thder emoval of

30 the 3" bl ocking group. me r di t | ai Emei n the _
further bl ocking grou%g?:daigﬂgﬁ'g’g snggfi.%%f’g rgar?gve %y ;f{ﬁlgg . monochromatic
li ght under conditionsTRFHEREA™ rom those required to renove the 3' i
bl ocki ng group. 3%i3) detmetthog a@mor deffpcto ctansegBentyheodi n e furt her

bl ocki ng (@ oup i s rendygebrpratidi NYokhe ADNPecArdE i C nubeStfdEET HAS BEEN

REPLACED J, 1 W 99/ 05315, RUL:FR102d8e tard¥t |ddihubPiotdadir ation
different fromthat reéw rlt% to, renove, the 3 I$bl %%Ewgogfggg.inlo. A net hod

according to any pr BEEEPhFEPEFHRT fReFiTip 1. vherein

step (ii) is detected by measuring radiation.
3. A method according to claim 1 or claim 2, wherein

15 steps (1) and (ii) are conducted with each of the different
nucleotides in turn, until incorporation is detected, and
then repeated. '

4. A method according to claim 1 or claim 2, wherein step
(i) is conducted with all the nucleotides present.

20 5. A method according to any preceding claim, wherein the
nucleotides comprise a 3' blocking group which is removed
after the polymerase reaction.

6. A method according to claim 5, wherein the blocking
group can be selectively removed by pulsed monochromatic

25 light.

7. A method according to claim § or claim 6, wherein the
nucleotides comprise a further blocking group at the
terminal phosphate group of the triphosphate chain, and the
further blocking group is removed prior to the removal of.

30 the 3' blocking group.

8. A method according to claim 7, wherein the tqrther
blocking group can be selectively removed by pulsed
monochromatic light under conditions different from those
required to remove the 3' blocking group.

35 9. A method according to claim 8, wherein the further
blocking group is removed by pulsing the monochromatic
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step (i) further conprises introducing a conpetitive 5 inhibitor of

t he. pol ynerase enzyne. 11. A nethod according to any preceding claim
wherein the target polynucleotide of step (i) is bound to the polynerase
enzynme by a M2 dinmer conplex..12. A nethod according t 0p8p di ng
claim wherei WOPHES1S pol ymerase is R col a DNA polynerase liiﬁﬁr T7

pol ynerase. 13. A net hod accordlng to.ﬁny of clains 1 to 11, wherein ‘the
pol ymerase i s Taq pol ynerase... d according to any of clains 1 to
11, wherein the polynerase i s rev;rse transcpﬂptase 5. A net hod.

according to anyighbckaF afwrbioR d h fgpdpati ¥ q%ﬁﬂ %SEP WSt ection of
a change in resdchendé blickdny arewp.tine. 16. A nethod according to any

precedi ng cl ai mm/xhenei'u&tﬂcheaceaaeﬁﬁigi @6 hfy ChradnR osiaiing. wRereih A met hod

according to clgj &jg? gt; tﬁo npEl r?ﬁ%@ﬁ&i&; r 3didmbepitive N the

Infra-red spectru
step (ii) coﬁprl%@ébﬁg‘?’hé’fsﬁ?? (o4 Y’b?rzf?ﬁoﬁ" dnance. .19. A method

according to cl aiim 15,methed GicROrMing E any Rrecedtrghelain, werreipdie s in t he
radi o-frequency ta&laee.t rpanynaaxeoﬁmet lo@d seegor ging is0 Bbwrdn 6, wMeerein the

i ncorporation Og; ugl S0ty 4 $ dgtpec&ﬁguug AVR  21. A nethod according

to any precedin arm wher eotj de i 2. A sensor
chi p conpri si ng % -pofARsP 8§é'°§ﬂ fﬁ‘@ r%f’?gd' r%dnéh%%nA&nucl eoti de

conprisi ng aohl celivngrapeodp Bt cokb DYA P%Pﬁ%%ﬁc?‘a’t"ﬁ?@ﬂ“éﬁﬁ%al

phosphat e group 1¥f. t AemetHnat id:thrdi:mlaioeanhadmplm di botHlg wherdinocki ng

groups are renovghl EI gén gc{g th kplde Of di fferent wavel engths.
|:'>
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the polymerase is reverse transcriptase.

15 15. A method according to any preceding claim, wherein
step (ii) comprises detection of a change in resonance
signal over time.

16. A method according to any preceding claim, wherein the
radiation is electromagnetic.

20 17. A method according to claim 16, wherein the
electromagnetic radiation is in the infra-red spectrunm.
18. A method according to any preceding claim, wherein
step (il) comprises using surface plasmon resonance.

19. A method according to claim 16, wherein the

25 electromagnetic radiation is in the radio-frequency
spectrun.

20. A method according to claim 19, wherein the
incorporation of a nucleotide is detected using NMR.
21. A method according to any preceding claim, wherein the

30 polynucleotide is DNA.

22. A sensor chip comprising a polymerase enzynme
immobilised thereon.

23. A nucleotide comprising a blocking group at the 3°'
position and at the terminal phosphate group of the

35 triphosphate chain, wherein the two blocking groups are
removable by monochromatic light of different wavelengths.
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accor to any preceding claim wherein-



—btocking ‘groups are derived froma corrpound of the formula Re-[O CO]X 5
wherein R is a photolabile group and X is a | eaving group. 25. A
nucl eotide according to claim23 or claim24, wherein the blocking group

at the 3' position is an o- nitrobenzyl oxycarbonyl grﬁHﬁ“Véﬁz 6. A
nucl eoti de ¥R®BPY ng to any of claing 23 to 25, wherein

at the term nal phosphate is an o-nitrobenzyl group. 27. A nucleotide
according to any of clainms 23 to 26, wherein the bl ocking group at the 3

ition | 4,5- 15 h trob 28. A
il ot de. - a2bor ) nBSIReRIge oPCERElmy OF (G Ly aRtes AP D

| ocki ng groub

group at the biechimgl TperRSpRER derived fropA GPEPYPKLRYI TR RPF™HHup. 29. An |

apparatus for sequencing a polynucl eotide, 20 conprising an optical sensor

chip, a light source, an inmaging geys fd a photodetector, wherein the
sensor chiso Is as defined in claim?22. TH S SHEET HAS BEEN REPLACED

wherein R' is a photolabile group and X is a leaving group.
25. A nucleotide according to claim 23 or claim 24,
vherein the blocking group at the 3' position is an o-
nitrobenzyloxycarbonyl group.

10 26. A nucleotide according to any of claims 23 to 25,
vherein the blocking group at the terminal phosphate is an
o-nitrobenzyl group.

27. A nucleotide according to any of claims 23 to 26,
wherein the blocking group at the 3' position 1is a (4,5~ -

15 dimethoxy-2-nitrobenzyl)oxycarbonyl group.

28. A nucleotide -according to any of claims 23 to 27,
wherein the blocking group at the terminal phosphate is a
1-(2-nitrophenyl)ethyl group. .

29. An apparatus for sequencing a polynucleotide,

20 conprising an optical sensor chip, a light source, an
imaging device and a photodetector, wherein the sensor chip
is as defined in claim 22.
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